Abstract
Key words: Tin-poly(hydroxamic acid) resin, arsenic removal 1 Introduction Environmental pollution of arsenic from industrial wastewater streams as a consequence of the industrialization process is one of the major problems that have to be solved or controlled. Many industrial activities such as mining, combustion of fossil fuels, and the production of glasses, nonferrous alloys, semiconductor materials, arsenic pesticides, herbicides and crop desiccants discharge arsenic and other heavy metals via their waste effluents [1, 2] . Some of these metals, even in small amounts can cause severe physiological and health effects. Therefore, heavy metals including arsenic are permitted to be discharged only in a very low concentration in wastewaters to prevent public streams and water resources from becoming contaminated.
Methods for the removal of arsenic ion from waste streams include chemical precipitation, membrane filtration, ion exchange, carbon sorption and coprecipitation/adsorption. However conventional method such as precipitation does not always provide a satisfactory removal rate to meet the pollution control limits. Therefore many researches were carried out for effective alternative technologies or sorbents for treatment of arsenic from the waste streams resulted in search for unconventional methods and materials [3] Recently hydrous tin oxide was found effective for sorption of arsenate ion [4] . However, the compounds dissolved significantly even in mild acidic pH. In addition, a common drawback of inorganic ion exchangers is usually very fine and difficult to obtain in spherical beads of suitable size for the required applications. In order to overcome this difficulty, the oxide can be incorporated into the pores of a porous polymer resin [5] . Our previous data showed that poly(hydroxamic acid) chelating resin form stable complex with Sn(IV) [6] . In this study, the possibility of using tin-loaded poly(hydroxamic acid) chelating resin for removal of arsenate ions from an aqueous solution was investigated. Several parameters, which affect the arsenic removal are reported. These include the effect of pH, initial arsenic concentrations, contact time, temperature and selectivity. From the experimental data the mechanism of removal was suggested. The resin was also tested for removal of arsenic from industrial wastewater samples. 
Materials
Tin (IV) stock solution was prepared by dissolving SnCl4 (Merck) in 0.1 M HCl (BDH) solution. Arsenic (V) stock solution was prepared from Na2HAsO4.7H2O (Sigma). Phosphate solution was prepared from Na2HPO4 (Unilab). Bromide, sulphate, chloride and nitrate solutions were prepared by dissolving their sodium salts. Industrial wastewater samples containing arsenic ion were obtained from electronic and wood treatment industries. Poly(hydroxamic acid) chelating resin was prepared by reacting poly methylacrylate-divinyl benzene Vol.18 No.4 (2007) qe(exp) value [9] . Experimental and theoretically calculated qe values and the correlation coefficient of the plot (R2) are given in Table 1 . As it can be seen the linear correlation coefficient of the plots using first order kinetic model is not good and experimental and calculated qe values are not in agreement with each other. So, the result suggests that the sorption of As(V) by Sn-PHA resin is not a first-order reaction. Table 1 First-order, second-order and intraparticle diffusion rate constants of As(V) sorption by Sn-PHA resin.
Second-order Kinetics: Experimental data were also applied to the pseudo-second order kinetic model whose equation can be written as below: t/qt =1/k2ge2+t/qe (4) where k2 (g mg-1 min-1) is the rate constant of pseudo-second order sorption reaction. Second-order kinetic is applicable if the plot of t/qt versus t shows linearity and the value of qe calculated close to experimental. Also this procedure is more likely to predict the behavior over whole range of sorption and is in agreement with chemical sorption being the rate-controlling step [10] . The plots of t/qt versus t give a straight line (not shown) with the equation y=0.0382x+2.25 (5) The rate constants (k2), correlation coefficients of the plots together with the theoretical qe values are given in Table 1 . It is clear from these results that the correlation coefficient is high and experimental and theoretical qe values are in accordance with each other. These results suggest that the sorption of As(V) on Sn-PHA follows the second-order type kinetic reaction [4] . This result can be expected because the ordinary type of exchange processes are more rapid and controlled mainly by diffusion, whereas, those in a chelating exchanger is slower and controlled either by particle diffusion mechanism or by a second-order chemical reaction [11] . Sn-PHA with its polymeric porous structure and Sn(IV) as active ion present on its surface most probably behaves like a chelating exchanger. Therefore second-order chemical reaction kinetics is expected to be followed in the sorption processes. Intraparticle diffusion: Intraparticle diffusion model is expressed with the equation given by Weber and Morris [12] : qt=kidt1/2 (6) where qt is the amount of metal ions adsorbed at time t (mg g-1) and kid is the intraparticle diffusion rate constant (mg g-1 min-1/2). Plots of qt versus t1/2 are shown in Fig. 3 . As it can be seen, there is no linear distribution of the points. The plot has an initial curve portion followed by a linear line and a plateau. Initial curved portion represents the bulk diffusion or exterior sorption rate which is very high, the subsequent linear portion is attributed to the intraparticle diffusion and plateau portion represents the equilibrium. The intraparticle diffusion constant was calculated from the slope of the linear portions of the curves and given in Table 1 . The result showed that intraparticle diffusion, which may play an important role as a rate determining step in the sorption process, was observed to be effective. However, because of the deviation of the curves from the origin and non linear distribution of the plots, intraparticle diffusion cannot be accepted as the only rate determining step for the sorption of As(V) onto Sn-PHA resin [13] . Vol.18 No.4 (2007) 
Sorption isotherms
The effect of initial concentrations on As(V) uptake was investigated by varying the initial concentrations of the arsenic anion at optimum pH value and 20 h of equilibration time. As it can be seen from Fig. 4 that, the sorption capacities were increased with increasing the initial concentrations and reached a plateau showing the maximum sorption capacity of resin. The increase in loading capacity of the sorbent with relation to the As(V) concentration can be explained with the high driving force for mass transfer. The analysis of the isotherm data is important to develop an equation which accurately represents the results and which could be used for design purposes [14] . The experimental data obtained from the effect of initial concentration on sorption capacity were evaluated with the three sorption models which are Langmuir, Freundlich and D-R models. The linearized forms of the equations representing the models were used. oxide [4] . The Langmuir constant b, which indicate the binding constant for As(V) sorption on Sn-PHA, was found to be 6.09 dm3 mmol-1. The values of qm and k were calculated from the intercept and slope of the straight line and presented in Table  2 .
The free energy of sorption, E (kJ mol-1) was calculated from the k values using the equation:
The 3.5 Sorption selectivity of Sn-PHA for arsenate In many cases samples such as industrial wastewater contains various kinds of ions which are not necessary to be removed. It is therefore required for a sorbent to have a high selectivity only toward hazardous ion to prolong it's life. Fig. 5 shows the sorption behavior of Sn-PHA resin for arsenate in the presence of common anions. The figure shows that phosphate, sulphate and bromide ions reduced the arsenic sorption capacity while nitrate and chloride did not affect the arsenic removal significantly. 3.6 Removal of arsenate ion from industrial wastewater
The ability of the Sn-PHA resin to remove arsenic ion was tested to two types of industrial waste water samples namely (A) semiconductor and (B) wood treatment industries. The removal is effective with more than 80% of the arsenic from the samples was removed by the resin (Table 4 ). The percentages of arsenic removal from wastewater samples were higher for lower concentrations samples. As expected, a quantitative removal was not possible due to the presence of sulphate in the wastewater from wood treatment and sulphate and phosphate in the wastewater from semiconductor industries. Table 3 Thermodynamic properties of As(V) sorption onto Sn-PHA 
